When a semiconductor is excited, for example with photons whose energy is larger than its band gap, it is well known that free electrons and holes (vacant electron states) are created in its conduction and valence bands respectively. At low concentra tions the lowest electronic excitation in usual intrinsic semiconductors is the free exciton which is a two-par ticle complex analogous to positronium and resulting from the Coulomb binding of a free electron and hole. With increasing density the excitons interact and, if their mutual interaction is attractive, new bound states may be expected. The first one which was proposed is the excitonic molecule. This complex, which has perhaps been observed in several semiconduc tors (CdS, CdSe...), results from the binding of two excitons. The se cond one was Introduced by Keldysh1 in 1968 and is a kind of electron-hole "liquid" corresponding to the conden sation of excitons into the so-called electron-hole drops (hereafter called EHD). This condensed phase looks like a liquid metal in many respects and Is constituted by a neutral twocomponent plasma of free elec trons and holes. The equilibrium den sity of electron-hole pairs in this plasma is perfectly well defined and the plasma energy is lower than that of excitons. The decrease of energy in the liquid phase comes from ex change and correlation effects bet ween particles. Such a phenomenon can be viewed as a phase transition between gaseous excitons and liquid electron-hole drops analogous to or dinary gas-liquid transformations.
The first evidence for the existence of a new bound state in intrinsic semiconductors was the occurrence at low temperature of new radiative recombination lines observed first in Ge by Benoît à La Guillaume and Parodi2. As far as we know, it was only in 1969 that these lines were studied and reported again3. These new ra diation peaks, which occur in the Infra-red (~ 1.75 µ), arise below about 10 K and grow rapidly when the tem perature is reduced. They are broader and lie at lower energy than the wellknown emission lines due to the ra diative recombination of free excitons. They have been attributed to EHD by Pokrovsky and Svistunova3 who gave a very strong argument in favour of this interpretation. Indeed, it Is easy to calculate the shape of these new lines if one assumes that they are due to the radiative decay of EHD, and the agreement between experiment and theory is very good. This yields also the equilibrium density no of elec tron-hole pairs in a liquid drop which is typically for Ge 2 X 1017 cm-3 at 2 K.
Conclusive evidence for the exis- tence of EHD was given by two expe riments proving their macroscopic character, namely the photovoltaic detection4 of EHD in p-n junctions and the scattering5 of 3.39µ light by EHD. In the first experiment, a Ge p-n junction photodiode is immersed in pumped liquid helium at 2 K, and the n region is illuminated with a CW mercury lamp for instance. The new emission lines of Ge are easily seen to be present in these conditions of temperature and excitation. The fluc tuations in the photovoltaic current are then analyzed with a rapid oscil loscope and are seen to have a spiky structure similar to that of the current from a photomultiplier. But at higher temperature (~ 10 K), this structure is not observed. Each current spike is interpreted as being due to the des truction in the junction electric field of an EHD containing N electron-hole pairs. By integrating the current under a spike, one easily gets N which is typically 107. This gives r ~ 2 µ for the drop radius if we take no ~ 2 x 1017 cm-3. Investigations at liquid helium temperature of the scattering of 3.39 µ light by a crystal of pure Ge excited optically by a lamp or a laser also gave good proof of the existence of EHD. These experiments show that electron-hole drops are certainly spherical and, from the angular dis tribution of the scattered light, one gets their size which is of the order of some microns.
A lot of other data and arguments6 have been put forward to support the existence of electron-hole drops, and it is generally admitted now that they have been observed in Ge, Si and GeSi alloys. More than 250 papers have been published in this field during the last six years, so it is not possible to give here an exhaustive list of all the investigations which have been done to understand this condensed phase. However it may be interesting to note that, at least in Ge, many of the most important EHD parameters have been measured. This is, for example, the case of the following ones : density of electron-hole pairs in the liquid phase6 (no ~ 2 X 1017 cm-3), EHD binding energy6 with respect to gaseous excitons (~ 2 meV), EHD lifetime6 (40 µ sec), electric charge at the drop surface7, surface energy8 of drops (~ 2 X 10-4 ergs/cm2), critical tempe rature9 (6.5 K) . It should be pointed out that theory10 and experiment are generally in very good agreement.
On the other hand, some interesting aspects of EHD are not yet well known or understood. Among others one can quote the following ones : the ma gnetic properties of drops have not yet been investigated ; it seems that EHD can move rather rapidly6, but this is not explained ; the nucleation pro cess (or processes) involved in drop formation is still unclear and raises very interesting and stimulating pro blems whose understanding might be helpful in other areas. One could also wonder whether this liquid phase may give rise, under conditions which are to be defined, to superfluidity or su perconductivity. This may seem highly speculative, but the answer to this question is not clear.
To conclude, the existence of elec tron-hole drops in semiconductors is now well established. This liquid phase, which presents many interest ing features, results from the conden sation of gaseous excitons, and this phenomenon corresponds to a first order phase transition. Many aspects of EHD are now understood, but a number of challenging experimental and theoretical problems remain. Let us note that this condensed phase is probably the simplest example of liquid metal which is available at the present time. As such it provides a good opportunity to test theoretical methods of great interest in many body problems. Finally, it seems that this field remains very attractive for many solid state physicists and is in fact still developing.
The Chemical Physics Section of the Atomic Physics Division
The recently-constituted Chemical Physics Section of the Atomic Physics Division will be holding its first confe rence from the 30th of August to the 1st of September 1976 in Amsterdam. The Provisional Board has decided to couple each of its meetings with a scientific lecture. It is particularly ap propriate that the first of these will be given by Professor W. Kolos who, together with Professor L. Jansen, was largely responsible for the setting up of this Section. The title of the talk, to be given in the Physical Che mistry Department of the University of Zurich on the 16th of January 76 will be "Ab Initio Calculations on the Excited States of the H2 Molecule".
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